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P I  - HILXRONS TIJXTB TSEICKSXED &lTD BEPZLER TRA3;LING EDGES 

By F .  M. Bogal . l ,o  and P a u l  E .  Purser 

su N W *!BY 

An i n v e s t i g a t i o n  was maile in t h e  LMAL 7- by 10 -900 t  
t u n n e l  o f  v a r i o u s  m o d i f i c a t i o n s  t o  t h e  t r a i l i n g  e6ge  O f  a 
0.L5S-chord p l a i n  a i l e r o n  on a semispan  model o f  t h e  ta-  
p e r e d  wing o f  a f i g h t e r  a i r p l a n e .  The m o d i f i c a t i o n s  con- 
s iC?ere3  in t h e  p r e g e n t  r e p o r t  are v a r i o u s  amo?l,nts Of 
t h i c k e n i n g  a n d  beveling o f  t h e  a i l e r o n  t r a i l i n g  edge  t o  
r e d u c e  s t i c k  f o r c e .  The e f f e c t  o f  a gap a,% t’ne a i l e r o n  
n o s e  was d e t e r m i n e &  f o r  t h e  m o s t  p r o m i s i n g  m o d i f i c a t i o n s ,  

The s t i c k  f o r c e ?  and t h e  r a t e s  o f  r o l l  were e s t i m a t e 4  
for a f i g h t e r  a i r D l a n e  w i t h  t h e  plain snd w i t h  some o f  t h e  
m o d i f i e d  a i l e r o n s .  

The r e s u l t s  of t h e  t e s t s  a n d  c o m p u t a t i o n s  i n d i c a t e &  
t h a t  f o r  t h e  a r r a n g e m e n t  k e s t e d  t h e  u s e  of b e v e l e d  ailer- 
ons would r e d u c e  t h e  h i g h - s p e e 0  s t i c k  f o r c e s  t o  60 p e r -  
c e n t  or l e s s  o f  t h o s e  e x p e r i e n c e d  i n  t h e  u s e  o f  p ‘ E a i ~  
s e a l e d  a i l e r o n s  and  GnrQuld t e n d  t o  i n c r e a s e  t n e  e f f e c t i v e  
d i h e d r a l  and t h e  damping i n  roll, w i t h  t h e  s t i c k  f r e e ,  
The u s e  of small amount3 o f  t h i c k e n i n g  and ’ b e v e l i n g  O f  

t h e  t r a i l i n g  edge  axso a p p e a r s  f e a s i b l e  t o  supp lement  
t h e  a c t i o n  o f  o t h e r  types o f  b a l a n c e  i n  a f i n d  ad jus t-  
ment o f  s t i c tk  forcss, Although  n o t  d i r e o t l y  c o m p a r a b l e ,  
t h e  r e s u l t s  o f  the cGmputa t i ane  are i n  q u a l i t a t i v e  a g r e e-  
ment w i t h  unpublPsneG r e s u l t s  o f  f l i g h t  t e s t a  of  an a i r -  
p l a n e  equippe6 w i t h  b e v e l e d  a i z e r o n s ,  The ill e f f e o t s  O f  

a gap at t h e  a3,lerOn nOse i n c r e a s e d  a s . t h e  t S i @ k n e s s  O f  
the b e v e l @ &  a i l e r o n  w a g  i n c r e a s e d  and as t h e  cbQrd  O f  t h e  
b e v e l  was d e c r e a s e d ,  
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I n  v i ew o f  t h e  i n c r e a s e 4  i m T o r t a n c e  o f  obtaining ad@- 
q u a t e  l a t e r a l  c o n t r o l  w i t h  FeEisonable s t i c k  f o r c e s  u n d e r  
all f l i g h t  c o n d i t i o n s  for h igh- speed  a i r p l a n e s ,  tbe  NAaA 
hss engaged i n  Ein ex ' cens ive  program o f  l a t e r a l - c a n b r o l  
r e s e a r c h .  The p u r p o s e s  of t h i s  Drogran  are t o  dete.rm2ne 
t h e  c h a r a c t e r i s t i c s  o f  e x i s t i n g  Z a t e r a l - c o n t r o l  d e v i c e s ,  
t o  d e t e r m i n e  t h e  e f f e c t s  o f  v a r i o u s  m o d i f i c a t i o n s  t o  ex- 
i s t i n g  d e v i c e s ,  and t o  d e v e l o p  new d e v i c e s  t h a t  show 
p r o m i s e  o f  being filore s a t i s f a c t o r y  t h a n  t h o s e  now i n  use. 
The p r e s e n t  t e s t s  were made t o  d e t e r m i n e  t h g  e f f p r r t s  Of 
v a r i o u s  amounts  of  t r a i l i n g - e d g e  t h i c k e n i n g  and b e v e i t n g  
on t h e  c h a r a c t e r i a t t c s  of  a pPa$n a i l e r o n ,  A t h e o r e t i c a l  
d i s c u s s i o n  and some s e z t i o n  d a t a  or̂  B i m i l a r  m o d i f i c a t i o n s  
t o  a syametrlcal a i r f o f l .  and flap h a v e  b e e n . s r e s e n t e d  in 
r e f e r e n c e  1, 

T e s t  I n s t a l l a t i o n  

K semisgan-wing  model was. suspended  i.n the, LMA& '7.- 
by IO-faoZ; t iznnel  ( r e f e r e n c e  2 )  as shovn schernatica4ly 
i n  f i g u r e  1, The r o o t  cho rd  o €  the model w a %  a d j a c e n t  b o  
one o f  t h e  v e r t i c a l  . w a l l s  o f  t h e  t u n n e l ,  t h e  v e r t i c a l  wall1 
$ h e r e b y  s e r v i n g  a s  a r e f l e o C i o n  p l a n e ,  The f l o w  o v e r  a 
semiapan  i n  t h i s  set-up i s  e s s e n t i a l , l g  t h e  same a s  I t  
would  b e  o v e r  a c o m p l e t e  wing i n  a 7 -  by ?O-foot tunnel. 
Although a v e r y  small c l , e a r a n c e  lt(ras m s i n t a i n e d  be tween  
t h e  r o o t  c h o r d  o f  t h e  xl;o%el arid t h e  t u n n e l  w a l l ,  R O  p a r t  
o f  t h e  model was f a s t e n e d  t o  or i n  c0ntac. t :  w i t h  t h e  t u n-  
n e l  wall, The model  wae suspended. e n t i r e l y  f r o m  t h e  'bsl- 
a i ice  f r a K e ,  as  shokrn I n  f i g u r e  2 ,  in smx-ob a way t h a t  a11 

' $be f o r c e s  and mgments a c t i n g  on i .8  might be  d e t e r n i n e d ,  
Provision' was made for c h a n g i n g  t h e  angle o f  a t t a c k  w h i l e  
the tunnel ,  w;2si i n  o p e r a t i o n .  

l?he a i l e s o n s  were d 'e f IeF; ted  by means o f  (z c a l i b r a t e d  
t o r q u e  r o d  c o n n e c t i n g  tihe o u t b o a r d  end  of t h e  a i l e r o n .  
w i t h  a c rank  outside t h e  O u n ~ e l  wa$,1 and t h e  h i n g e  mOm?ntS 
were d e t e r m i n e d  from t h e  t w i s t  o f  t h e  rod ( P i g .  1). 
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The t a p e r e d - w i n g  model  used i n  t h e s e  t e s t s  a n d  I n  t h e  
t e s t s  o f  r e f e r e n c a  3 w a g  b u i l t  t o  t h e  p l a n  f o r m  shown i n  
f i g u r e  2 and r e p r e s e n t s  t h e  c r o s s- h a t c h e d  p o r t i o n  Of t h e  
a i r p l a n e  shown i n  f i g u r e  3. The b a s i c  a i r f o i l  s e c t X o n s  
were  o f  t h e  N d C A  230 s e r i e s  t a F e r i n g  i n  t h i c k n e s s  from ap- 
p r o x i m a t e l y  3.5% r J e r c e n t  a t  t h e  r o o t  t o  8 %  p e r c e n t  a t  t h e  
t i p .  The b a s i c  chord of  t h e  wing  was i n c r e a s e d  0 . 3  inch 
a t  ever:: s p a n w i s e  s t a t i m  t o  r e d u c e  t h e  t r a i l i n g - e d g e  
t h i c k n e s s  and  t h e  lasC few s t a t i o n s  were  r e f a i r e d  t o  give 
a smooth c o n t o u r .  O r d i n a t e s  f o r  t h e  e x t e n d e d  and r e f a i r e d  
s e c t i o n s  a r e  g i v e n  i n  t a b l e  T .  The d e t a i l s  o f  t h e  a i l e r -  
ons a r e  shown i n  f i g u r e  4. The a i l e r o n  s e c t i o n s  were '  
t h i c k e n e d  linearly f r o n  t h e  nose  arc t o  t h e  t r a i l i n g  edge 
and  w e r e  then b e v e z e d  s g r n m e t r i c a l l y  and  L i n e a r l y  t0 t h e  
t r a i l i n g - e d g e  t h i c k n e s s  of  t h e  p l a i n ,  aileron, The beveled 
p o r t i o n  a f  t h e  a i l e r o n  w i l l  h e r e i n a f t e r  b e  r e f e r r e d  $ 0  as  
t h e  The junctures be tween  t h e  a i l e r o n s  and %be 
b e v e l s  were l e f t  sha rp  f o r  aome t e s t s  and were  r o u n d e d  by 
a r c s  or' v a r i o u s  r a d i i  f o r  o t h e r  t e s t s .  

l ? e s t  C o n d i t i o n s  

A l l  e x c e p t  one o f  t h e  t e s t s  were  made a t  a bynamic 
rn p r e s s u r e  o f  9021 pounds  p e r  s q u a r e  f o o t ,  which c o r r e s p o n d s  

to a v e l o c i t y  o f  a b o a t  60 miles p e r  h o u r  and t o  a t e s t  
R e y n o l d s  number o f  a b o u t  1 ,540 ,000  S n s e d  on t h e  wing  mean 
ae rodynamic  c h o r d  o f  33,66 i n c h e s ,  3'Qr cornpartson one 
t e s t  wss made a t  a dynamic p r e s s u r e  o f  16.37' p o u n d s ' p e r  
s q u a r e  f o o t ,  which c o r r e s p q n d s  t o  a v e l a c i t y  o f  about 80 
miles p e r  h o u r  and  t o  a t e s t  Reynolds  number o f  about  
2.OSO*O-QQ, The c o r r e s p g n d i n g  e f f e c t i v e  Beyraolds numbera 
f o r  t h e  t w o  v a l u e s  o f  dynamic  pressure were  2,4 
3,280,000 b a s e d  on a t u r b u l e n c e  f a c t o r  o f  1,6 for ' the  
m - 7 -  by 3,O-Ooolb t u n n e l ,  The present t e 5 t s  were made 
a t  l o w  s c a l e ,  Z o w  v e t l o c f t ~ y ,  and h i g h  t u r b u l e n c e  r e l a t i v e  
t a  f l i g h t  a o n d i t i o n a  t o  which  fhe r e s u l t s  a r e  a p p l i e d .  
The e f f e c t s  of t h e s e  v a r i a b l e s  were not d e t e r m i n e d  o r  
e s t i m a t e d ,  

. .  

RL$VLTS AND D'ISCV$SfOW 

C o e f f i c q e n t s  and C o r r e c t i o n s  

The s y m b o l s  u s e d  in t b e  p r e s e n t a t i o n  o f  Tesulta a r e ;  
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l i f t  c o e f f i c i e n t  ( L / ~ , , s )  

u n c o r r e c t e d  d r a g  c ' o e f f i c i e n t  (D/qS> 

pi tching- moment  c o e f f i c i e n t  ( @ / a S c '  1 

ro l l ing-moment  c o e f f i c i e n t  ( L '  / q b S j  

yawing-moment c o e f f i c i e n t  ( N ' / a . b S )  

a i l o r o n  hinge-moment c o e f f i c i e n t  (X/q.baFa2 ) 

Ch o f  up a i l e r o p  Y ch o f  down a i l e r o n  

a c t u a l  w i n g  chord  a t  any  spanwise  I o c a . t i o n  

choTd o f  b a s i c  a i r f o i l  s e c t i o n  a t  as?y s p a n w i s e  
l o c a t i o n  

mea3 ae rodynamic  c h o r d  

a i l e r o n  chord. measure4  a l o n g  a i r f o i l .  c h o r d  l i n e  
f r o m  h i n g e  a x i s  o f  aileron t o  t r a i l i n g  e d g s  o f  
a i l e y o n  

roo t- mean- square  cho rd  o f  a i l e r o n  

chord o f  b e v e l e d  p o r t i o n  o f  a i l e r o n  t y a i l i n g  edge  

r a d i u s  a f  J u n c t u r a  be tween  b e v e l  and a i l e r o n  

i n c r e a s e  i n  a i l e r o n  t r a i l i n g r e d g e  t h i c k n e s s  b e f o r e  
b e v e l i n g  

t w i c e  span of  semis$an model 

a i l e r o n  span 

t w i c e  a r e8  o f  s e m i s p a n  model 

t w i c e  l i f t  on semispan  model 

t w i c e  d r a g  on semispan  model 

t w i c e  p i t c h i n g  moment of  semispan  model about 
support a x i s  

r o l l i n g :  moment ,  due a i l e r o n  d e f l e a t i o n ,  a b o u t  
wind a x i s  i n  p J a n e  o f  symmetry 
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" yawing moment, due  t o  a i l e r o n  d e f l e c t i o n ,  a b o u t  wind 
a x i s  i n  p l m e  o f  symmetry' 

E a i l e r o n  h i n g e  moment 

dynamic p r e s s u r e  o f  a i r  stream u n c o r r e c t e d  f o r  

b l o c k i n g  ( $P'fa,) 

f ree- st ream v e l o s i t y  

i n d i c a t e d  v e l o c i t y  

a n g l e  of  a t t a c k  

a i l e r o n  d e f l e c t i o n  f r o m  n e u t r a l ,  Chat $ 5 ,  t r a i l i n g  
edge  on  airfoil c h o r d  l i n e ;  p o s i t i v e  when t r a i l -  

' i n g  edge i s  down 

c o n  t r'o 1 t- B t' i c k d e f 1 e c t 1 GI?. 

r a t e  of change of ro l l ing- moment  c o e f f i o i e n t  C t l  

w i t h  h e l i x  a n g l e .  pb/2V 

r a t e  of r o l l .  

s t i c k  f o r c e  

A p o s i t i v e  v a l u e  o f  L' o r  Ct' corresponds t o  an 
i n c r e a a e  i n  l i f t  of t h e  m o d e l ,  and a p o s i t i v e  v a l u e  O f  
H i  or C n t  c o r r e s n o n d s  t o  a d e c r e a s e  i n  d r a g  o f  t h e  
model .  Twice t h e  a c t u a l  l i f t ,  dreg ,  p i t c h i n g  moment, 
a r e a ,  and s p a n  o f  the model  were  used i n  t h e  r e d u c t i o n  O f  
t h e  r e s u l t s  l j e c a u s e  t h e  model r e p r e s e n t e d  h a l f  st c o m p l e t e  
w i n g ,  The d r a g  c o e f f i c i e n t  and t h e  a n g l e  o f  a b t a c k  have  
b e e n  c o r r e c t e d  o n l y  i n  a c c o r d a n c e  w i t h  t h e  t h e o r y  Of 
t r a i  l i n g - v o r t  ex  i w a g e s  .( ' C o r  re spending. c o r  r e  e t  i ons were  
a p p l i e d  t o  t h e  r o l l i n g - '  and  yawing-moinent c o e f f i c i e n t s ,  
No c o r r e c t i o n  has b e e n  appl: ied L o  t h e  hinge-moment c o e f -  
f i c t e n t s ,  N o  c o r r e c t i o n s  h a v e  b e e n  aypliad t o '  any of t h e  
r e s u l t s  f o r  b l o c k i n g ,  f o r  t h e  e f f e c t s  of t h e  s u p p o r t  
s t r u t ,  o r  f o r  t h e  t r e a t m e n t  of' t h e  i n b o a r d  end of t h e  
wing, '  Chat is, t h e . s m a l 1  gap  b e t v a e n  t h e  wing and, t h e  
wa l l , '  t h e  leakage,  th rough  t h e  wa l l  a r o u n d  t h e  s u p p o r t  
t u b e ,  and th'e ' bounda ry  layer a t  t h e  w a l l .  These e f f e o t s  



a r e  p r o b a b l y  o f  s e c o n d- o r d e r  i n p o r t a n c e  f o r  t h e  r o l l i n g -  
a n d  yawing-moriient c o e f f i c i e n t s  (which a r e  b a s i c a l l y  i n -  
c r e m e n t a l  d a t a )  b u t  may have more e f f e c t  on t h e  o t h e r  
f o r c e s  and moments,  p a r t i c u l a r l y  on t h e  drag c o e f f i c i e n t s .  
X - t  i s  f o r  t h i s  r e a s o n  t h a t  t h e  dra.g c o e f f i c i e n t s  a r e  r e -  
f e r r e d  t o  a s  u n c o r r e c t e d ,  

C h a r a c t  e r  i s t  i c s  w i t h  A i l e r o n s  N e u t r a l  

The c h a r a c t e r i s t i c s  o f  t h e  wing model w i t h  t h e  v a r i -  
o u s  a i l e r o n 8  f i x e 3  a t  rzero d e f l e c t i o n  a r e  s h o m  i n  f i g a r e  
5, T h e  b e v e l e d  t r a i l i r i g  edq:Ps r e d u c e d  t h e  s l o p e  o f  t h e  
wing l i f t  c u r v e  bcL/an from 0,O76 t o  O.070 p e r  d e g r e e ,  
r e d u c e d  t h e  maximnrn l i f t  c o e f f i c i e n t  f r o m  X,36 t o  1 . 3 4 ,  I ,  

a n d  i n c r e a s e d  t h e  minimun? d r a g  c o e f f i c i e n t  f r o m  a b o u t  
0.0110 t o  a b o n t  0 ,0115 .  The e f f e c t  o f  t h e  b e v e l e d  t r s i l -  
i n g  edges  on t h e  s l o p e  o f  t h e  p i tching- moment  c u r v e  
ac,/ac, i n c r c a s e d  w i t h  b e v e l  C h i c k n e g s ;  t h e  t h i c k e r  
b e v e l  changed t h e  s l o p e  by about 0.0% which c o r r e s p o n d s  
t o  8 fo rward  s h i f t  o f  about 0.010' i n  t h e  ae rodynamic  
c e n t e r  of  t h e  wing ,  

The e f f e c t s  o f  t i le  beveled, t r a i l i n g  edges  on  t h e  
c h a r a c t e r i s t i c s  o f  t h e  model w i t h  a i l e r o n s  n e u t r a l  a r e  in 
q u a l i t a t i v e  agreernent  w i t h  t h e  e f f e c t s  r e p o r t e d  i n  r e f e r -  
e n c e  1, 

A i l e r o n  C h a r a c t e r i s t i c s  

P l a i n  a i l e r o n s , -  The c h a r a c t e r i s t i c s  o f  t h e  p l a i n  
s e a l e d  a.nd u n s e a l e d  a i l e r o n s  a r e  p r d s e n t e d  i n  f i g u r e  6. 
A compargson o f  %he i n c r e m e n t s  between 6, 2; 15' and  
6, = -15 shows  t h a t  t h e  p r e s e n c e  o f  a 0 . 0 0 5 ' ~  
a i l e r o n  n o s e  r e d u c e d  t h e  rolling-moment c o e f f i c i e n t  by 
about  3.6 p e r c e n t  and  i n c r e a s e d  t h e  hinge-moment c o e f f i -  
c i e n t  by  about 1 2  p e r o e n t ;  t h e  gaps had l i t t l e  e f f e c t  on 
t h e  s l o p e  o f  t h e  hfnge-moment c u r v e  ?0,/3tja a t  snall 
d e f l e c t  i o n s .  

0 gap at t h e  

B e v e l e d  a i l e r o n s . -  The c h a r a c t e r i s t i c s  o f  t h e  v a r i o u s  
b e v e l e d  a i l e r O n s  a r e  p r e s e n t e d  i n  f i g u r e s  7 t o  17, The - 

f i r s t  o f  t h e  a i l e r o n s  00 b e  t e s t e d  had. R 0.020 i n c r e a s e  
i n  t r a i l i n g - e d g e  t h f c k n e s s  b e f o r e  b e v e l ) n g  and t h e  c h o r d  
o f  t h e  b e v e l  was 0 . 2 0 ~ ~ :  t h e  c o r n e r s  o f  t h e  b e v e l  were  
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l e f t  sharp ani!. t h e  0 . 0 0 5 ~  ga-p 8.t t h e  a i l e r o n  nose was l e f t  
open.  A s  shown i n  f i g u r e  '7, t h e  a i l e r o n  v a s  c o n s i d e r a b l y  
o v e r b a l a n c e d  for a d e f l e c t i o n  range .of 440 n e a r  zero a n g l e  
O f  a t t a c k ,  The s l o p e  o f  t h e  hinge-moment c u r v e  a g a i n s t  
a n g l e  of a t t a c k  ac,/aa was p r e d o m i n a n t l y  p o s i t i v e  f o r  
n e g a t i v e  a i l e r o n  d e f l e c t i o n s  and small p o s i t P v e  d e f l e c -  
t i o n s  and  w a s  p r e d o m i n a n t l y  n e g a t i v e  f o r  p o s i t i v e  d e f l e c -  
t i o n s  l a r g e r  t h a n  loo, The p o s i t i v e  aC.h/aa n e a r  n e u t r a l  
would t e n d  t o  i n c r e a s e  t h e  e f f e c t i v e  d i h e d r a l  and t h e  
damybng i n  roll w i t h  t h e  s t i c k  f r e e  b u t ,  u n d e r  t h e  same 
c t o n d i t i o n s ,  would magnify t b e  a c c e l e r a t i o n  i n  r o l l  due  t o  
a n  a s y m n e t r i s  v e r t i c a l  grist, Bigures 8 ,  9 ,  and 2.0 show 
t h a t  r o u n s i n g  t h e  c o r n e r s  o f  t h e  % e v e 1  and s c a l i n g  t h e  
gap  a t  t h e  a i l e r o n  n Q s e  e l i l n l n a t e d  t h e  overba lanced .  t e n d-  
ency  o f  t h e  a i l e r o n .  The e f f e c t i v e n e s s  o f  t h e  a i l e r o n  
i n c r e a s e d  a s  % h e  gap was redzleed and as  t h e  b e v e l  r a d i u s  
VEL$ i n e r e a s e 9 .  

F i g u r e  11 shwcs t h e  e f f e c t  o f  s c a l e  o n  t h e  a i l e r o n  
w i t h  t h e  s e a l e d  RRP and t h e  * t h i c k  short, b e v e l ,  The i n -  
c r e a s e d  s p e e d  i n c r e a f f e d  t h e  b a l a n c i n g- t a b  a c t i o n  o f  t h e  
b e v e l  as  i n d i c a t e d  by t h e  r e d u c t i o n  i n  b o t h  t h e  h i n g e-  

d e f l e c t  i o n ,  
, moment and ro l . l ing-noment  c o e f f i c i e n t s  due t o  a i l e r o n  

An i n c r e a s e  i n  t h e  bevel - c h o r d  t o  a n  a v e r a g e  of  
0 . 3 4 ~ 8  d e c r e a s e d  t h e  b a l a n c i n g  a c t i o n  o f  t h e  bevel . ;  p a r t  
o f  t h i e  l o s s  i n  b a l a n o i n g  a c t i o n  wa.s r e s t o r e d  by b u i l d i n g  
up t h e A t r a i l i n g  edge  w i t h  wax u n t i l  i t  w a s  a p p r o x i m a t e l y  
h a l f w a y  be tween  t h e  l o n g  and  t h e  s h o r t  b e v e l s ,  (See  f i g .  
12") 

T h e  e f f e c t s  o f  t h e  b e v e l  r a d i u s  and t h e  gap a t  t h e  
a i l e r o n  n o s e  on a n  ' a i l e r o n  w i t h  an  i n c r e a s e  i n  t h i c k n e s s  
O f  0.01~ and a bevel, c h o r d  o f  0 . 2 0 ~ ~  a r e  shown i n  f i g -  
u r e s  13, 14, and 15,  The o v e r b a l a n c i n g  t e n d e n c y  and t h e  
e f f e c t s  of  gap a n d  bevel. r ad iu s  on t h e  o v e r b a l a n o i n g  
t e n d e n c y  d e c r e a s e d .  w i t h  t h e  d e c r e a s e  ir, b e v e l  t h i c k n e s s .  
F o r  t h e  a i l e r o n  w i t h  a 0 . 2 0 ~ 1 ,  b e v e l  p a d i u s ,  a r e d u c t i o n  
i n  t h e  gap a t  t h e  a i l e r o n  nose f r o m  0 , 0 0 5 0 ~  t o  0 . 0 0 2 5 ~  
a p p a r e n t l y  e l i m i n a t  ad t h e  o v e r b a l a n c i n g  t e n d e n c y ,  ( S e e  
f i g ,  14.) An i n c r e a s e  i n  t h e  b e v e l  l e n g t h  t o  a n  average 
o f  Oo34ca r e d u c e d  t h e  b a l a n c i n g  a c t i o n  o f  t h e  b e v e l  S O  

much tha t  n o  f u r t h e r  t e s t s  were  made on t h e  t h i n  a i l e r o n  
w i t h  t h e  l o n g  b e v e l  ( f i g ,  261, 
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Compara t ive  plots showing t h e  e f f e c t s  of  b e v e l  chord 
and  -' t h i ckness  on t h e  c h a r a c t e r l s t i c s  o f  t h e  beveled.  a i l e r -  
-ons a r e  shown i n  f i g u r e  17 .  An i n c r e a s e  . in t h e  c h o r d  OS 
t h e  b e v e l  'or a d b c r e a s e  i n  i t s  tkr ickr ,ess  r e d u c e d  the o v e r-  
' b a l a n c i n g  t e n d e n c y  t h a t  t h e  a i l e r o n s  w i t h  g a p s  e x h i b i t e d  
Q t  small d e f l e c t i o n o  but  a l s o  r e d u c e d  t h e  d e f l e c t i o n  range 
o v e r  which t h e  s l o p e  of t h e  hinge-rnoment c u r v e  
was a p p r e c i a b l y  l e s s  t L a n  tha t  o f  , t h e  p l a l n  aileron, For  
t h e  a i l e r o n s  w i t h  s e a l e d  gaps, t h e  same e f f e c t s  were  n o t e d  
e x c e p t  th,at t h e  chknges  a t  small a i l e r o n  ' d - e f l e c t i o n s  were  
1es.s p r o n o u n c e d .  

P 

aCX/iGa 

., 

The d i s c r e p a n o i e s  Setween t h e  c h e c k  t e s t s  End t h e  
r-eguUar t e s t s  shown i n  f - i g u r e s  9 ( a )  a n d  1 4 ( a )  p r o b a b l y  
r e s u l t e d  from t h e  a i l e r o n- w i n g  i n s t a l l a t i o n  having  b e e n  
c o m p l e t e l y  d i s n a n t l e d  a n 3  t h e n  r e a s s e m b l e d ,  w i t h  some 

. p a r t s - r e p l a c e , ? ,  be tween t h e  r u n n i n g  o f  t h e  C W O  s e r i e s  of 
t e s t s .  The f i r s t  s e r i e s  of  t e s t s  inoludsd a13, t h o s e  w i t h  

' s e a l e d  and 0 . 0 0 5 ~  gaps and  t h e  s e c o n d  B e r i e s  i n c l u d e d  
t h e  s e a l e d- g a p  c h e c k  t e s t s  and t h e  f , p s t s  w i t h  0.QQ25o 
a n d  0 . 0 0 1 3 ~  g s p s ,  

t h e  a i l e r o n  n o s e  t h a n  t -hose  shown 'by t h e  t e s t s  r e p o r t e d  
i n  r e f e r e n c e  I. The l a r g e r  gap e f f e a t s  nay have b e e n  due 
t o  t h e  f a c t  t h a t  t h e  . r e l a t i v e  c h o r d  o f  t h e  control s u ' r f a c e  
of t h e  p r e s e n t  t e a t s  w a s  much tsrnaller t h a n  t h a t  of t h e  
c o n t r o l  e u r f a o e  o f  t h e  t e s t s  r e p o r t e d ,  i n  r e f e r e n c e  1, 

The t e s t s  sbo.*ed l a r g e r  e f f e c t s  due  t o  t h e  gap a t  

E s t i m a t e d  Rates of  R o l l  a n d  S t i c k  F o r c e s  

Ths r a t e s  o.f r o l l  and t h e  s t i c k  f o r c e s  d u r i n g  s t e a d y  
r o l L l n g  o f  t h e  a i ' r p l a n e  ~f f i g u r e . 3  h a v e  been  e s t i m a t e d  

, f r o m  t h e  a a t a  o f  f i g u r e s  6 ,  8 ,  1 2 ,  and  15. The r a t e s  O f  
r o l l  were  e s ' t i m a t e d  by means o f  t h e  r e l a t i o n s h ' i p .  

J 

where  t h e  c o e f f i c i e n t  of damping i n  r o l l  G I '  w a s  t a k e n ,  

for t h e  wing w i t h  p l a i n  a i l e r o n s ,  as 0.46 from t h e  data  
o f  r e f e r e n c e  4, For t h e  b e v e l e d  a i l e r o n s ,  t h e  v a l u e  of 
G t ' p  

P 

was r eduaed  t o  0.425 b e c a u s e  of t h e  d e a r e a s e  i n  t h e  

Y' 
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s l o p e  o f  t h e  w i n g  l i f t  m i m e .  dne t o  t h e  b e v e l e d  t r a ' i l i n g  
edge .  (See f fg :  5 . j .  I t  has bePn aspumed t h s t  t h e  r u d d e r  

tfnrist has b e e n  n e g l e c t e d .  -The, s t i c k  f o r ' c e s . w e r e '  e s t i m s t e d  
f r o m  t h e  r e l a t i o n s h i p  

. will b e  u s e d  t o  c o u n t e r a c t  t h e  yawing moment and wine ;  

, .  . .  .. 
9 O& as, F, = - 

&.6, CL 

which  may b e  d e r i v e d  f r o m  t h e  aileron i l i a e n s i o n s  and t h e  
. , f o X l o w i n g  a i r p l a n e  c h a r a c t e r i s t i c s :  

Wing a r e a ,  scr_uc.re f e e t  . . . . . . . . . . . . . . . .  260 
S g a n ,  f e e t  . . . . . . . . . . . . . . . . . . . . .  38 
'Paper r a t i o  . . . . . . . . . . . . . . . . . . . .  1.67:l 
A i r f o i l  s e c t i o n  ( b a s i c )  . . . . . . . .  . N A C r l  230 s e r i e s  
Iviean aer6dgnaai ic  crLord, i n c h e s  . . . . . . . . . . .  84.14 
W e i g h t ,  pounds  . . . . . . . . . . . . . . . . . .  7063 
Yixg  l o a d i n g ,  p o u n d s  p e r  s q u a F e  f o o t  . . . . . . .  2 7 . 2  
Stick l e n g t h ,  f e e t  . . . . . . . . . . . . . . . . .  2 
I4axfmurn sticLs: d e f l e c t i o n ,  6,, d e g r e e s  . . . . . .  z 2 1  

The v a l u e  o f  t h e  c o n s t a n t  i n  e a u a t i o r ,  ( 2 )  i s  d e p e n d e n t  
upon t h e  w i n g  l o a d i n g ,  t h e  s i z e  o f  t h e  a i l e r o n s ,  an& the 
l e n g t h  0 4  t h e  s t i c k .  The v a l u e s  o f  d8 , /d€ ,  i n  e q u a t i o n  
(2) Kay b e  d e t e r m i n e d  f r o m  t h e  lcaxlrnuln s t i c i c  d e f l 9 c t f o n  
o f  221' end: f r o m  t h e  masimum a i l e r o n  d e f l e c t i o n s  n o t e d  on 
t,he f i g u r e s  o f  com-?uted resu2Bs; d6, /d6,  f s  assumed 
c o a s t a n t .  Tke v a l u e s  o f  C t t  and A C h  u s e d  i n  e a u a t i o n s  
(1) and  (2) a r e  t h e  v a l u e s  t h o v g h t  t o  e x i s t  d u r i n g  s t e a d y  
rolling; t h e  d i f f e r e n c e  i n  a n g l e  o f  a t t a ' c k  o f  t h e  t w o  a i -  
l e r o n s  due t o  r o l l i n g  has b e e n  t a k e n  i n t o  a s c o u n t ,  

The results o f  t h e  c o m p u t a t i o n s  ( f i g .  le) i n d i c a t e d  
t h a t  t h e ' u s e  of  a b e v e l e d  t r z i l i n g  edge  would r e 4 u c e  t h e  
h i g h- s p e e d  s t i c k  f o r c e s  t o  a p n r o x l m a t a l y  6 0  p e r c e n t  o f  
t h o s e  o b t a i n e d  from p l a i n  s e a l e d  a i l e r o n s  f o r  t h e  same 
r o l l i n g  e f f e c t i v e n e s s .  These  s e r u l t s ,  t h o u g h  n o t  d i r e c t l y  
c o m p a r a b l e ,  are i n  g e n e r a l  agreeaent with u n p u b l i s h e d  r e -  
s u l t s  o f  f l i g h t  t e s t a  o f  a n  a i r p l a n e  e q z i p p e d  w i t h  b e v e l e d  
a i l e r o n s ,  

The e f f e c t  o f  s t e a d y  r o l l i n g  on t h e  high-speer? s t i c k  
f o r c e s  i s  shown i n  f i z u r e  1 9  fcir % h e  pl3 t in  aileron and 
f o r e o n e  o f  t h e  ' beve led  a i l e r o n s .  Rolling r e d u c e d  t h e  
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maximum h i g h- s p e e d  s t i c k  f o r c e  by a b o u t  6 p d s  f O T  t h e  
p l a i n  a i l e r o n s  because o f  t h e  n e g a t i v e  v a l u e  o f  aCh/aa .  
F o r  t h e  b e v e l e d  a i l e r o n ,  t h e  v a l u e  o f  aCh/aol was poari- 
t i v e  a t  t h e  h i g h- s p e e d  a t t i t u d e ,  and r o l l i n g  t h e r e f o r e  
i n c r e a s e d  t h e  maximuni h i g h- s p e e d  s t i c k  f o r c e  by a b o u t  2 
p o u n d s .  The i n c r e a s e  i n  s t i c k  force a t  l ow d e f l e c t i o n s  
due t a  r o l l i n g  was Qnoagh t o  e l l r n t n a f e  t h e  ove rba lance  i n  
t h e  s t i c k - f o r c e  curve  t h a t  was compu%ed f o r  t h e  s t a t i c  
s t a t e .  

The p o s i t i v e  v a l u e  o f  aCh/bn f o r  t h e  b e v e l e d  a i -  
l e r o n ,  m o r e o v e r ,  i b c r e z n e s  t h e  e f f e c t i v e  d i h e d r a l  and t h e  
damping i n  p o l l  w i t h  t h e  stick f r e e ;  w h e r e a s  w i t h  t b e  
p l a i n  a i l e r o n  t h e  n e g a t i v e  v a l u e  o f  dC, /aa  ha's t h e  Op- 
p o s i t e  e f f e c t ,  Bl5hough t h e  b e v e l e d  a i l e r o n f i  would b e  
e x p e c t e d  t o  ca,use a nore r a p i d  r e t u r n .  o f  t h e  a i r p l a n e  $0 
a l e v e l  a t t i t a d e  a f t e r  a g i v e n  d i s p l a a e m e n t  i n  r o l l ,  i t  
i s  l i k e l y  tha.t;  t h e y  w o u l d  magnify  t h e  e f f e c t s  o f  a n  asym- 
m e t r i c  v e r t i a a l  g u s t ,  r e l a t i v e  t o  t h e  p l a i n  a i l e r o n s ,  t h e  
s t i c k  b e i n g  c o n s i d e r e d  f r e e  i n  all. c a s e s ,  

The r e s u l t s  o'f t h e  t e s t s  of  O.l,55-chord a i l e r o n s  on 
a n  NACB 230 se r i e s  a i r f o i l  and t h e  c o m p u t a t i o n s  i n d i c a t e d  
t h a t  f o r  t h e  a r rqngement  t e s t e d  t h e  use o f  b e v e l e d  a i l e r -  
ons  w o n l d  reciuce t h e  h i g h- s p e e d  s t i c k  f o r c e s  t o  6 0  p e r -  
c e n t  o r  l e s s  o f  t h o s e  e s p e r i e n c e d  i n  t h e  u s e  o f  p l a i n  
sea , l ed  a i l e r o n s  a n d  would i n e r e a R e  t h e  e f f e c t i v e  d i h e d r a l  
and t h e  darnping i n  roll w i t h  t h e  s t i . cB  f r e e .  The u s e  of  
small amounts  o f  t h i c k e n i n g  and b e v e l i n g  o f  t h e  t r a i l i n g  
edge  a l s o  a p p e a r s  f e a s i b l e  t o  supn iement  t h e  a c t i o n  02' 

- o t h e r  .types of b a l a n c e  i n  a f i n a l  a d j u s t m e n t  o f  s t i c k  
f o r c e s .  The r e s u l t s  'of t h e  c o m p u t s t i o r s ,  though n o t  d i -  
r e c t l y  c o m p a r a b l e ,  a re  i n  g e n e r a l  ag reement  w i t h  un-  
p u b l i s h e d  r e s u l t s  o f  f l i g h t  bes tR o f  an a i r p l a n e  e a u i p p e d  
w i t h  b e v e l e a  a i l e r o n s .  The i l l  e f f e o t s  o f  a gap R t  t h e  
a i l e r o n  nose .  i n c r e a s e d  as  t h e  t h i c k n e s s  of t h e  b e v e l e d  
a i l e r o n  was i n c r e a s e d  and  a s  t h e  c h o r d  o f  t h e  b e v e l  was 
d e c r e a s e d .  

L a n g l e y  i%emoria l  Kesonaut  i c a l  L a b o r a t  o r $ ,  
N a t i o n a l  Advisory Committee f o r  k e r  o n a u t i c  s , 

Langley  Field, V a .  

I 
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Figure I . -  Schematic diagram ~f test installation. 
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Figure 2.- Semispan model of tapered wing. 
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figure 19.- E f f e c t  of  v o l h y  an the stich- force churqcteristics o f  
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